D
iced cartilage grafts in rhinoplasty surgery enjoyed widespread popularity 70 years ago 1,2 but were largely replaced by silicone after World War II. In 1968, the author saw diced cartilage grafts used at Burian's clinic in Prague and continued to use them on an occasional basis for 25 years. In certain cases, the diced cartilage would be wrapped in fascia to contain the pieces and facilitate insertion. 3 Based on Sheen's 4 balanced approach to rhinoplasty with its emphasis on radix grafts, the author found that a significant percentage of cartilage grafts in the radix became visible and thus fascia became the material of choice. 5 In 2000, Erol 6 presented his experience with diced cartilage wrapped in Surgicel (Ethicon, Inc., Somerville, N.J.). The author reviewed Erol's procedure in detail and elected to use it as a substitute for routine fascia grafts for the radix and specialized half-length radix/dorsal grafts. Twentytwo cases were performed over 4 months with meticulous adherence to Erol's technique. 7 Ultimately, all grafts consisting of diced cartilage wrapped in Surgicel absorbed, probably because of the foreign body reaction generated by Surgicel. As five cases required surgical revision, it was elected to use grafts consisting of diced cartilage wrapped in fascia, which proved successful. Based on this experience, the author began to perform a large number of diced cartilage grafts with fascia in the radix and half-length and full-length dorsal constructs. The present article is a review of the author's current techniques and applications of diced cartilage grafts in rhinoplasty surgery.
SURGICAL TECHNIQUES
The author has evolved three different methods of using diced cartilage during rhinoplasty surgery: diced cartilage, diced cartilage wrapped in fascia, and diced cartilage covered with fascia ( Fig. 1) .
Diced Cartilage
All types of cartilage (excised material, septum, concha, or rib) are diced into 0.5-to 1.0-mm pieces using no. 11 blades. To facilitate insertion, the grafts are packed into 1.0-cc tuberculin syringe. The most common recipient site for plain diced cartilage grafts is the peripyriform area in cocaine, cleft, and asymmetric noses. In thick-skin patients, diced cartilage grafts can be placed in the radix area. When a structural rib graft is performed, diced cartilage is packed loosely next to the rib and molded to avoid any lateral step-off.
Diced Cartilage Wrapped in Fascia
The simplest type of graft consisting of diced cartilage wrapped in fascia is a radix/half dorsal length graft. The diced cartilage is placed within a sheet of fascia and then closed with 4-0 plain catgut, similar to creating a "bean bag." The technique is more complex when a full-length dorsal graft is required. The first step is to determine the recipient-site requirements. The actual length (25 to 35 mm) and width (6 to 9 mm) are measured. The thickness will often vary from tapered (2 to 6 mm with the thick end placed cephalically or caudally) to uniform (2 to 8 mm). In these cases, a large sheet (4 ϫ 4 cm) of deep temporal fascia is harvested through a 3-cm incision above the ear. The cartilage is compressed in the syringe and the hub cut off with a no. 10 blade. The fascia is pinned to a silicone block. The hubless syringe is placed on the fascia, which is wrapped around the syringe. A 4-0 catgut suture is used to close the fascia over the distal end of the syringe. A second suture is inserted next to the first and then a running locking suture closes the fascia over the syringe. In contrast to the previous "injection method," a construct graft is formed to the specific dimensions required by careful shaping on the back table. Any extra cartilage is "milked out" until the desired shape is achieved. The graft is slipped into the recipient site using the percutaneous sutures. Once in place, the caudal end of the fascial sleeve is closed off by suturing it to the underlying cartilaginous vault. Additional sutures can be added laterally to fix the construct to the cartilaginous vault. These dorsal grafts are inserted as a final step immediately before the closure. Obviously, all dorsal modifications, osteotomies, and spreader grafts are performed first.
Diced Cartilage Covered with Fascia
This technique is used most frequently to augment the radix area. A piece of fascia (2 ϫ 2 cm) is folded into a ball and fixed loosely with a 4-0 plain catgut suture. The suture is placed under the radix skin exiting at the nasion and the fascia guided into the recipient pocket. Then, a small amount (0.1 to 0.3 cc) of diced cartilage is injected beneath the fascia resting against the bare bone of the radix area. The advantage of this approach is that the diced cartilage fixes to the bone and the fascia eliminates palpability. Also, this technique has been used in selected secondary rhinoplasties where patients want a subtle "natural" correction of their "surgical appearance." A double-thickness fascial graft is slipped into the dorsum and then a small tapered amount of diced cartilage is placed from the rhinion to the supratip area as the last step before skin closure.
CLINICAL SERIES
As previously stated, the author has used grafts consisting of diced cartilage and diced cartilage wrapped in fascia for the past 30 years. However, it became a routine consideration in all rhinoplasty cases beginning in 2002. To determine the current indications and revision rate using the techniques described in the preceding section, 546 consecutive procedures performed over a 2-year period (2006 to 2007) were reviewed (Table 1) . Diced cartilage grafts were used in 79 patients with a total of 91 grafts used in six configurations: radix (n ϭ 11), half-length (n ϭ 14, with seven in radixdorsum and seven in the dorsum-supratip), fulllength dorsum (n ϭ 43), peripyriform (n ϭ 16), infralobule (n ϭ 4), and lateral wall (n ϭ 3). Thirty-four procedures were primary operations and 45 were secondary operations or nasal reconstructions. The types of graft were as follows: diced cartilage (n ϭ 27), diced cartilage covered with fascia (n ϭ 21), and diced cartilage wrapped in fascia (n ϭ 43). Radix grafts were performed in two configurations: diced cartilage covered with fascia in most cases, but diced cartilage only was used in two male patients with very short hair to avoid any risk of a visible temporal scar. All radix grafts were performed in primary rhinoplasties. In contrast, full-length dorsal grafts were used in all types of rhinoplasty cases. Diced cartilage wrapped in fascia was particularly effective for dorsal aug- Volume 122, Number 6 • Rhinoplasty Using Diced Cartilage mentation in ethnic primary rhinoplasties, both Asian and African American individuals. Secondary cases were quite varied, but thin skin challenges were common. In 10 cases, a septal saddle nose deformity was present, with six attributable to cocaine and four to prior functional septoplasty. Because the goal of this article is to discuss current techniques, a single year was selected to determine applications and revisions. For the calendar year 2006, 30 patients of 256 consecutive rhinoplasty cases were reviewed in-depth. Thirty-five diced cartilage grafts were used, and there was a median follow-up of 19 months (range, 13 to 25 months). Two cases had been revised, with neither requiring modification of their diced cartilage grafts. One had a fascial graft to a persistent lateral crura concavity. The other patient had a severe posttraumatic paranasal deformity requiring columellar correction and hydroxyapatite to the maxilla. Interestingly, two patients in 2006 had a revision of their graft consisting of diced cartilage wrapped in fascia performed during 2005. In both cases, visible contour deformities were the indication. One of the cases is shown in case 2.
CASE REPORTS Case 1: Dorsal Full-Length for Secondary Saddle Nose
A 52-year-old woman presented 30 years after a primary rhinoplasty (Figs. 2 and 3) . In addition to a visible nasal deformity, both vestibules were highly constricted, restricting her nasal respiration. The operation consisted of the following: (1) harvest of cartilaginous portions of the eighth and ninth ribs, (2) septoplasty including a septal brace for the unstable caudal septum, (3) insertion of bilateral composite conchal grafts to the vestibules, (4) a unilateral left low-to-low osteotomy, (5) insertion of bilateral spreader grafts, (6) tip reconstruction of prior total alar resection using a crural strut and tip graft, 8, 9 and (7) dorsal reconstruction with a graft consisting of 0.8 cc of diced cartilage wrapped in fascia. At 3 years, the dorsum has maintained a very normal appearance with a 6-mm-high augmentation.
Case 2: Dorsal Full-Length for Secondary Rhinoplasty
A 55-year-old woman presented for a secondary rhinoplasty (Figs. 4 and 5) . Because of the severity of her deformity and a prior septoplasty, a rib graft reconstruction was recommended. However, she wanted a smaller procedure performed concurrently with a subperiosteal face lift being performed by a colleague. It was emphasized to her that the nose could be made "better" but that she really needed a rib reconstruction. Eventually, a small operation using conchal cartilage was decided on and consisted of the following: (1) a crural strut from remaining septum, (2) a tip graft of conchal cartilage, (3) a 0.7-cc diced cartilage wrapped in fascia full-length dorsal graft, and (4) a combined nostril sill/alar wedge resection (Fig. 6) .
At 1 year, the patient and surgeon agreed that a rib graft would indeed have been better. The second-stage operation consisted of the following steps: (1) the cartilaginous portions of the eighth and ninth ribs were harvested; (2) the nose was opened and the intact graft consisting of diced cartilage wrapped in fascia was removed; (3) spreader grafts and a septal strut of rib were inserted; (4) a crural strut and double-layer shield shape tip graft were added; (5) the graft, consisting of diced cartilage wrapped in fascia, was trimmed on its undersurface and along the left side before being reinserted; (6) small, 3.5-mm nostril sill excisions were made; and (7) a semirigid graft consisting of excised diced cartilage wrapped in fascia was inserted as an additional tip graft. At 1 year after the revision, the nose appears markedly improved and the patient considers her nose to be "straight but playful."
DISCUSSION
Adoption of any new grafting technique will require answers to three questions: What are its advantages that would cause one to replace my current techniques? What are its problems and how do you solve them? Is it safe and does it work long term?
Advantages and Disadvantages
There are at least 10 advantages of diced cartilage grafts when compared with the range of graft material used in rhinoplasty surgery. First, it is autogenous material and thus rejection is not an issue. In contrast to cadaver fascia, cartilage, or AlloDerm (LifeCell Corp., Branchburg, N.J.), these grafts are viable and remain so from the time of insertion onward as confirmed histologically. 10 Second, the graft is easily prepared. One only has to compare the surgeon having to meticulously shape a costal chondral graft as opposed to being handed a syringe filled with diced cartilage by the nurse. Third, all types of cartilage can be used, including excised material from the alar cartilages, dorsum, or septum. One does not have to harvest the perfect 35 ϫ 8-mm piece of septal cartilage for a solid dorsal graft. The latter is often with a mean follow-up of 3 years. The only inherent disadvantage of this technique is that diced cartilage grafts are not structural grafts. The history of dorsal grafts in rhinoplasty using various types of rib grafts was reviewed in a prior publication by the author dealing with diced cartilage grafts. 7 When used for dorsal augmentation, grafts consisting of diced cartilage Volume 122, Number 6 • Rhinoplasty Using Diced Cartilage wrapped in fascia are highly effective in augmentations 1 to 8 mm thick, virtually any length, and with a highly variable shape. Grafts consisting of diced cartilage wrapped in fascia become semirigid, with fibrous tissue filling the interstices in between the diced cartilage pieces. When structural support is required, the author often relies on a "composite reconstruction" approach. 12 Essentially, the two components consist of a deep foundation layer of spreader grafts and septal strut overlaid with an aesthetic layer of columellar strut and diced cartilage wrapped in fascia for dorsal augmentation. In severe cases of nasal collapse as seen in the cocaine nose, I continue to use osseocartilaginous rib grafts braced to a columellar strut.
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Problem and Solutions
From a technical perspective, the three most common problems have been overcorrection, visibility, and junctional step-offs. Equally, each recipient site has specific needs. As a fundamental principle, there is no absorption of the graft and therefore overcorrection should not be performed. If overcorrection does occur, it can be easily reduced by shaving the graft on its undersurface or reducing any lateral bulges using a knife blade. A visible "pebbling" of the surface could theoretically occur but can be avoided by adding an additional covering layer of fascia, which was performed in one patient with steroid damage skin. Early on, junctional step-offs were seen with full-length dorsal grafts in the radix and supratip areas. The radix junction can be corrected with either a separate radix graft of fascia or using the "fascial toque" recommended by Kelly et al. 14 The supratip step-off occurred from milking out too much diced cartilage from the graft to achieve an immediate intraoperative supratip break. Postoperatively, as the skin sleeve tightened, the step-off became more apparent. This supratip step-off can be easily avoided by leaving the graft longer. Correction can be performed postoperatively with either a fascial graft or diced cartilage, depending on the severity. If minor, the depression can be concealed with an injectable filler. Visible edges or prominences are easily shaved off. Ultimately, the primary challenge is avoiding edges and irregularities, which is accomplished by building a smooth "construct" on the back table before insertion and then molding in situ as necessary. After the first operation, the problems of a graft consisting of diced cartilage wrapped in fascia are visible, including a slight prominence on the left side and small supratip depression (center). One year later, a formal rib reconstruction was performed. The graft, consisting of diced cartilage wrapped in fascia, was removed, shaped, and reinserted. The patient is shown at 2 years after the original operation (right). The histology of the patient's diced cartilage wrapped in fascia graft is shown in Figure 6 .
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Viability and Intermediate-Term Results
The author and his colleagues have performed extensive histologic testing of human grafts consisting of diced cartilage wrapped in fascia and diced cartilage grafts obtained at the time of revision surgery. 10 Similar tests were performed on excised portions of the graft consisting of diced cartilage wrapped in fascia temporarily removed from the patient in case 4. Hematoxylin and eosin staining demonstrated matrix that was intensely basophilic, with a high density of cells. The trichrome stain demonstrated basophilic nuclei within lacunae and normal blue staining matrix. Glial fibrillary acid protein staining was positive, indicating normal regenerative potential. One could conclude that the cartilage in diced cartilage and diced cartilage wrapped in fascia grafts is actively growing. On several occasions when grafts consisting of diced cartilage wrapped in fascia were modified in situ, the fascia was always found to be intact, easily separated from the nasal soft tissue envelope, but adherent to the underlying diced cartilage. Also, the cartilage grafts, whether diced cartilage or diced cartilage wrapped in fascia, appear as a semisolid mosaic with small diced pieces easily visible. Importantly, the fascia is totally viable and highly vascularized, perhaps serving as a neoperichondrium. 10 Because the viability of the construct is critical, the use of AlloDerm or xenografts as a wrapper is not recommended.
Any discussion of intermediate-term results must be taken within the context of a limited follow-up with regard to both duration (7 years) and percentage of follow-up. Perhaps the most critical subgroup to evaluate is full-length dorsal grafts in primary Asian rhinoplasty cases. Beginning with the first Asian rhinoplasty performed using grafts consisting of diced cartilage wrapped in fascia in 2003, 25 consecutive cases were studied. To date, there has been only one revision operation, and that was an alar wedge scar correction. However, the author's critical aesthetic assessment indicates that two patients had a supratip junctional step-off and one patient has excessive prominence at the rhinion. To avoid these problems, I now prefer the back table construct method for grafts consisting of diced cartilage wrapped in fascia rather than the injection method. 15 Again, none of the dorsal grafts required revision, nor was there any evidence of absorption. All dorsal grafts remain palpable. Based on recent experimental studies, it is confirmed that diced cartilage does survive, provided that it is minimally traumatized and placed in a well-vascularized recipient site. 16 -20 Rollin K. Daniel 
